1103 774 out of the 1,000 cases have been discharged from the Centre. 591 returned to their own homes, after these had been adjusted to their disability, and were able to live in their old environments with their families-an achievement which no doubt represents the ideal type of domestic resettlement of paraplegics. 183 live either singly or with their families in permanent settlements. 22 of these 774 paraplegics were too old to work. 518 (69 %) of the remaining 752 were employed, the majority of them (405 or 78 %0) full time, including full-time workers in factories. The number of employed is probably even higher, as some of the 18 cases which we were unable to contact at the time of making the statistics and which were therefore included in the number of unemployed will doubtless be in employment. Many more of the remaining 224 paraplegics are, of course, employable, had more facilities for employment been available at the time of compiling the statistics (December 1953).
Initial Treatment of Traumatic Paraplegia By L. GUTTMANN, O.B.E., M.D., M.R.C.P. THE purpose of this paper is not to describe all the details of initial treatment of traumatic paraplegia, following closed injuries to the spine, but to deal with those two important aspects, (A), the management of the fractured spine, and (B), the management of the paralysed bladder.
(A) MANAGEMENT OF THE FRACTURED SPINE It is a well-established fact that the degree of vertebral deformity resulting from fractures and fracture dislocation of the spine is not in itself the crucial factor for the establishment ofexcellent functional results. Although it is desirable in fracture dislocation of the spine involving the spinal cord and its roots to bring the displaced vertebrn into the best possible alignment, hasty and forced manipulative procedures in the initial stage should be avoided, as they may cause irreparable damage to the cord or its roots, which, at the time of injury, suffered only slight damage by mere concussilon or partial contusion. Moreover, it has been established, in this Centre and by other workers in this field, that considerable if not perfect recovery of the cord or caudia equina may occur, in the presence of bone displacement, without immobilization of the paralysed patients in plaster casts or plaster beds.
The routine procedure in this Centre, in dealing with traumatic paraplegics following fracture and fracture dislocations, in the initial stage, is as follows: The patient is placed on sorbo packs, with two or three additional pillows underneath the fracture, to produce hyperextension in the physiological position, as much as possible, and to restore the normal curvature. From the basic, supine position, the patient is turned first on to one side, then back to supine position, then on to the other side, every two hours, day and night. The turning is carried out by three or four orderlies, working under the direction of the medical officer, the sister or the trained nurse in charge, who are made fully aware of the details of the fracture and their responsibility in each individual case. Care is taken that the patient be turned in one piece.
Plaster casts and plaster beds are deprecated in this Centre for external fixation, as, in all cases admitted here with this form of external fixation, pressure sores were always present. It has been proved again and again, in the last ten years, that the conception that plaster beds will prevent or heal pressure sores in traumatic paraplegia by distributing pressure more evenly is incorrect. In fact, this method of nursing paraplegic patients not only failed to prevent sores but actually promoted the development of sores of the most frightful type. Therefore, this type of external fixation has been denounced by me from the beginning, when it was the accepted procedure for the treatment of traumatic paraplegia, and, in due course, more and more workers in this field came to the same conclusion. Recently, Holdsworth and Hardy (1953) confirmed the disastrous effect of external fixation with plaster beds in 16 cases.
With the method of immobilization of the paraplegics on pillow or sorbo packs, with regular turning as described above, the development of pressure sores has become unknown, and in cases admitted with sores already developed, healing has taken place in a very short time.
Recovery of the cord has been found, even in fracture dislocation with marked bone displacement of the mid-thoracic spine, where the spinal canal, unlike its anatomical arrangement in the cervical and lumbar region, is narrow. The following case-history is typical of this method. Case I.-C. G., a married woman, aged 28, was involved in a motor-car accident on 27.2.54. She was admitted to this Centre next day and showed severe fracture dislocation of T.5/6, with marked lateral displacement. T.6 vertebra appeared to be completely crushed (Fig. 1 , A-c). On the day of injury, she had an almost complete paraplegia, with the exception of the left great toe, which could be moved slightly. Knee and ankle jerks were found to be absent. Plantar response was flexor. There was complete analgesia below T.7 and retention of urine.
On -the day of admission, the patient was already able to move the right leg slightly and there was also minimal function of the iliopsoas and adductors and a flicker of the quadriceps on the left side. Knee-jerks (+), ankle-jerks (-). Plantar response was flexor but became extensor on the fifth day after injury. The patient was placed on sorbo packs with two pillows underneath the fracture and two-hourly turnings, day and night, were carried out. Initial treatment of the bladder was by intermittent urethral catheterization. By 9.3.54 she had made rapid improvement of the motor function, as well as partial recovery of sensibility. Bladder and bowel function had also returned.
She began to sit up twelve weeks after injury and is now able to walk short distances without any artificial aid whatsoever. Motor power in all muscles of the legs is perfect. Knee and ankle jerks are exaggerated and there is an extensor plantar response. There are only patches of analgesia between T.7 and T.12. Postural sensibility is normal, even for finest movements. Fig. 1 FIG. I, A-C (Case 1).-Fracture dislocation of the 5th thoracic vertebra with marked lateral dislocation followed by severe, though incomplete, transverse spinal syndrome below T.5, with excellent functional recovery following closed method of immobilization.
The same regime of initial treatment is also employed in fractures and fracture-dislocation of the thoraco-lumbar spine, and even very unstable fractures can become stabilized by this type of immobilization as shown in a case of fracture-dislocation of the 4th lumbar vertebra: Case II.-A man aged 33, who was hit by a cement mixer on 23.4.54. The first X-ray ( Fig. 2A ) revealed a severe fracture of the 4th lumnbar vertebra, apart from multiple fractures of the transverse processes of LAl to L.4 on the right side. The lateral third of the 4th lumbar vertebra was broken off and there was an associated fracture of the pedicle (Fig. 2B ), mnaking the whole vertebra extremely unstable.
On admission on 24.4.54, there was marked weakness of both lower limbs. Knee-jerks, ankle-jerks and plantar response were absent on both sides, and there was sensory impairment below L.3 on both sides, especially S.1, with analgesia in S.3 to S55 There was retention of urine and fieces. He was nursed on sorbo packs, producing good hyperextension of the lumbar spine, with regular turnings every two hours. The bladder was treated with intermnittent catheterization and the urine remained sterile for three weeks. after which it became slightly infected on three occasions but is now sterile again. Four days after admission, the motor symptoms increased and gradually all dorsi-and plantar flexors of the toes and feet became paralysed. However, there was no change in sensory disturbance and, therefore, surgical interference was decided against and conservative treatment continued, as it was felt that the increased symptoms were probably due to crdema or hixmoffhage affecting the anterior roots only. Since 12.5.54, the motor function in the toe and foot mnuscles on the right has gradually returned, followed by return of function of the plantar flexors of the toes and foot and extensor digitoru.m and peronei on the left side. The bladder control gradually returned, and intermnittent catheterization Section of Orthopcedics with Section of ANeurology A (23.4.54). was discontinued. The X-rays of 14.6.54 (Fig. 2 , C-D) showed excellent aligrtment and callus formation-in particular, the fractured pedicles of the 4th lumbar vertebra had become fixed again. At present, all muscles of the right leg, foot and toes are perfect; on the left side, there is good function of gastrocnemius, flexor hallucis, flexor digitorum, and extensor hallucis longus. Sensibility has also greatly improved, and there is analgesia only in the three distal sacral segments. He is able to micturate by straining. Rectal function is normal. Erections are present.
PosTscRIPT (13.11.54 ).-This man has been discharged home six and a half months after his injury, ready to start work and able to walk without support of any kind.
OPEN REDUCTION AND INTERNAL FIXATION BY PLATING
Although open reduction of fracture-dislocation of the spine had already been recommended by F. Albee in 1940 and J. Taylor in 1941, most surgeons during the war adopted non-operative reduction of fracture dislocation by manipulation, followed by immobilization in plaster casts or plaster beds. However, recently the open reduction has been revived by Holdsworth and Hardy (1953) , who condemn manipulative reduction as being usually unsafe and advocate, in paraplegics with fracturedislocation of the thoraco-lumbar spine, internal fixation by bolting two metal plates through one or more spinous processes above and below the level of the dislocation. They describe this method as simple, safe and effective. Pennybacker (1953) suggests as likely that this kind of internal fixation will prevent progressive angulation and other deformities, when the upright posture and; weightbearing are resumed, and Dick (1953) says that the spine can be stabilized in this way so securely that ordinary nursing handling is "absolutely safe and there is no danger of further damage to recovering nerve roots".
Of the 25 patients who, in recent years, were admitted to this Centre, following open reduction of their fractures and fracture-dislocations, there were 21 in whom the method of internal fixation by metal plating had been used by various workers, as the initial management. This considerable material calls for a review of the results achieved, which is discussed in the light of the claims made by the advocates of this method:
(1) Simplicity of method.-On anatomical grounds it is apparent that plating may be difficult if one or several spinous processes are broken, and that secure fixation must involve using plates extending over at least four vertebrx, with the associated interference with the stabilizing erector spinae muscles.
Holdsworth and Hardy themselves admit difficulties and point out that "the surgeon has-to exercise ingenuity in fixing the plates to the laminwv". A (10..53) B (16.7.53) c (10.9.53)D23153 FsG. 3, A-D.-Fracture dislocation of L.2 with severe backwards dislocation. Open reduction and internal fixation by plating, with perfect result at first but redislocation a few days later. c and Dshow later stages. Plate had to be remnoved because of great discomfort and danger of breaking through the skin.
(2) Prevention ofredislocation. -Fig. 3 , A-D show that, while the reduction of the dislocated vertebra was at first perfect, a redislocation was not prevented by the internal fixation. Fig. 3 , c and D show the redislocation at later dates. In fact, the plates had to be removed, after patient's admission to the Centre, as they were driven backwards, by the redislocated vertebra, underneath the skin and were not only producing discomfort and pain but there was the danger of their breaking through the skin.
Another patient developed, after the removal of the plate, a meningitis, from which he fortunately recovered. He was admitted to this Centre with a large wound in the back, which took many weeks to heal and resulted in damage to the back muscles, thus delaying rehabilitation.
(3) Prevention of progressive angulation.-One will readily understand, from a purely mechanical point of view, that if the broken vertebra is fixed to its neighbour by wire or short plates only progressive angulation cannot be prevented. Fig. 4A illustrates a case of fracture dislocation of L.1. Open reduction was carried out elsewhere, one day after injury, 4A, and the spine was fixed by two Wilson plates (size 1) and two bolts. Seventeen days later, patient developed pulmonary embolus but recovered. He was admitted to the Centre on 19.5.54, with complete transverse spinal syndrome below T.11. He complained of severe pain in back and was unwilling to carry out activities because of pain and stiffness. Since removal of plates, pain has subsided and patient has made excellent rehabilitation. The (4) Safety of method.-All these cases, to which more could be added, may suffice to disprove the assumption that internal fixation by plating is a safe method for the stabilization of the fractured spine-particularly if "ordinary nursing handling", as emphasized by Dick, is employed. I consider it very hazardous to dispense, after internal fixation, with that meticulous caution and care which is so imperative in the management of a paraplegic patient, following fracture or fracture-dislocation of the spine, described above for the nursing of paraplegic patients without open reduction and plating.
(5) Efficiency of the method in promoting recovery of the cord or roots and in preventing further damage.-From the literature, as well as from our own observations made on paraplegics admitted to the Centre after open reduction and plating, there is no proof that this method is in any way superior to other methods of reduction and immobilization. In at least one case of fracture-dislocation of L.2 of our material, it is quite evident, from the previous medical notes, that the clinical symptoms definitely increased in intensity, following surgical intervention.
From all these observations, one is forced to the conclusion that the method of open reduction, followed by internal fixation by metal plating, does not represent a satisfactory initial treatment in stabilizing the fractured spine with cord or cauda equina involvement and that, as far as the experience gained in this Centre is concerned, the claims made by the advocates of this method cannot be confirmed. Not only is this method quite unnecessary in the initial treatment in the great majority of fracture dislocations, but it actually has disadvantages over the closed method of reduction followed by careful immobilization. The open reduction in traumatic paraplegics, followed by internal fixation by plating or bone grafts, has its indication, if at all, only in the most excessive types of fracture dislocation, especially those with profound lateral displacement.
(B) MANAGEMENT OF THE PARALYSED BLADDER
In previous publications (Guttmann, 1947 (Guttmann, , 1949a (Guttmann, , b, and 1953 , I have drawn attention to the undesirability of suprapubic cystostomy either in the initial treatment, or in the permanent management of the paralysed bladder. In fact, from all experience gained in this Centre on the 704 traumatic paraplegics, where bladder drainage was necessary, as well as that gained from other workers in this field, it can now be concluded that the routine performance of suprapubic cystostomy in injuries of the spinal cord and cauda equina is contra-indicated. In particular, it may be noted that the contention held dogmatically during World War II that, in front-line conditions, proper urethral catheterization is impossible is no longer valid, in view of the experience gained in the Malayan and Korean campaigns. It has been shown by both British and American Army Medical Officers that, even under the most adverse battle conditions prevailing in Malaya and Korea, a proper urethral catheterization could'be carried out. It is gratifying to note, from a statistical survey made on 704 traumatic paraplegics with bladder involvement admitted to the Centre in the last ten years that a remarkable change has taken place in the conception of the initial treatment of the bladder, and there is now a marked decrease in the number of suprapubic cystostomies in both the Service cases from the after-war period and civilians, as compared with cases from World War II. Moreover, it is also evident that suprapubic drainage is discontinued much earlier, as compared with the cases from World War II, where the state of the bladder and the urinary tract following suprapubic cystostomy and the general condition of many patients on admission were not sufficiently satisfactory to allow the early closure so desirable, if only from a psychological point of view. For, to most paraplegics, the suprapubic tube is repugnant, and one of our patients who had had his suprapubic drainage for as long as ten and a half years insisted on having it discontinued, once urethral micturition had been established. It is our experience that the sooner suprapubic drainage is discontinued the better the prospect of restoring a good capacity and satisfactory control of the bladder and of checking urinary infection and preventing late ureteric and renal changes. Moreover, in cases in which suprapubic drainage has' been continued for long periods, healing of the suprapubic wound is always delayed, and, even if the track has been excised surgically, it still has the tendency to break down. Although we have succeeded in discontinuing suprapubic drainage in some cases with long-standing suprapubic drainage, such good results are the exception rather than the rule, as in most long-standing cases the bladder has become contracted and fibrotic and the valve mechanism of the ureteric orifices has become defective.
The prock4ure practised and developed in this Centre as initial treatment of the paralysed bladder is as follows;
(1) Stagt of non-Interference by instrumentation.-We found that, as a rule, the paralysed bladder is never so iistended as to warrant immediate drainage by any method. Moreover, it may be noted that, during the first few days following spinal cord injuries, the rate of renal secretion may be retarded. Usually, sixteen to twenty-four hours will be quite safe, and in cases with retarded renal secretion, longer. periods may be allowed. During this period of non-interference by instrumentation, repe,ated attempts by gentle manual pressure upon the bladder region, combined with digital mnassageper rectum, is carried out to overcome the retention and elicit voiding. The fear that, in this stage, rupture of the bladder may occur by manual expression of the urine has proved to be unfounded.
(2) Stage of bladder drainage by intermittent or continuous urethral catheterization.-If voluntary or reflex micturition has not developed within twenty-four hours or longer, drainage of the bladder is indicated. This is carried out under scrupulous aseptic precautions, using the non-touch technique (Guttmann, 1949a) . At first, intermittent catheterization is employed every eight to twelve hours, according to fluid intake and the rate of renal secretion of the patient, and a Foley catheter, size 16F, is used in adults. The reason for first using intermittent catheterization and not indwelling catheter is to allow the urethral mucosa to become gradually accustomed to the foreign body. It must be remembered that, in the stage of spinal shock and flaccidity, all tissues, including the urethral mucosa, have lost their tone and the threshold to pressure is lowered. Therefore, any indwelling catheter, especially one of larger size, left in the urethra for any length of time in the initial stages after spinal injury may produce a pressure sore in the posterior urethra, with severe infection and fistula formation at the penilescrotal junction. With incomplete lesions, where early return of bladder function can be expected intermittent catheterization allows distension of the bladder, which is a strong stimulus for promoting early return of bladder activity. The patient is kept from the start under an umbrella of small doses of sulphatriad and terramycin or aureomycin. It has been proved in this Centre again and again that, by this method, the urine can remain sterile for many weeks, by which time, in cord lesions, the automatic bladder may return.
However, infection does sometimes occur with any form of artificial drainage and if it cannot be checked an indwelling catheter, with either daily bladder washouts, as recommended by Kidd in 1919, or with tidal drainage, as recommended by Munro (1935) , is the method of choice. The best type of indwelling catheter is the self-retaining Foley catheter size 16F with 5 c.c. balloon. It cannot be emphasized too strongly that, at first, the indwelling catheter should be changed every other day and later on at intervals of two to three days. In order to free the urethra from deposits, it should be washed out either with flavazole 1/2,000, or with local chloromycetin before inserting the new in-dwelling catheter. Such washouts are especially necessary when urethritis has developed. Once the automatic function of the bladder has returned, the indwelling catheter should be removed and intermittent catheterization instituted and continued until detrusor action is powerful enough to empty the bladder or leave only a small residual urine. The same principle applies to cauda equina lesions, when voluntary micturition becomes possible by pressure on the abdominal wall. Frequent residual urine tests are essential during the early stages of bladder re-education. This regime has been found to be satisfactory in the management of the bladder in paraplegic patients and has prevented serious complications in most of our cases.
Dr. A. G. Hardy: It was very disappointing to see such bad results of internal fixation by plates. These are quite the opposite of our experiences in Sheffield, to which Dr. Guttmann has referred. Some comments could, perhaps, be usefully made. First, the selection of cases: Some appeared to be simple crush fractures which did not require fixation anyway. In others the plates were too short and only held in position by a pair of nuts and bolts. In others only single plates were used. These latter features would all tend to produce poor fixation and could only be attributed to bad technique.
If plates are to be used at all they should be double and placed one on either side of the spinous processes of the vertebrl. They should be attached by three or four sets of nuts and bolts to the spines of adjacent vertebrn either two above and one below the fracture site or vice versa.
Open reduction and internal fixation has not been used as the routine procedure for every case at Sheffield. Indeed it has only been performed on 19 out of 47 cases of fractures at the thoracolumbar junction although a further 11 were explored and internal fixation not considered necessary.
All the operative wounds healed by first intention with the spine in good alignment. None later developed secondary angulation and only one had to have the plates removed and only then at a time when bony union was firmly established.
In these cases subject to operation the early relief from pain and the ease of handling were very striking when compared with a similar group of early cases who had not been immobilized in anyway whatsoever. The nursing and turning of both groups of cases was carried out in the same orderly manner. Internal fixation was not an indication for less precision in nursing methods but it certainly facilitated the ease of nursing in the early stages.
Four of our patients developed recovery of root function which had not been previously anticipated and whereas this may not be statistically significant we feel that the restoration of the nonnal alignment of the spinal canal might have assisted recovery by relief of compression on trapped roots.
On three occasions pieces of bone and disc material were removed from the spinal canal although subsequently there was no alteration in the neurological signs noted in these cases.
Mr. Walpole Lewin (Oxford); In the management of the paraplegic patient in the Korean War as compared with the Second World War the most striking advance was the use of the Stryker frame for early treatment and transport for cases returning to this country. These patients had arrived home in excellent condition. Once the early stages were past, however, treatment on an ordinary bed was preferred as this gave the patient greater freedom and allowed more efficient re-education of the shoulder and back muscles. Another feature was the use of tidal drainage with an indwelling urethral catheter in preference to suprapubic cystotomy.
Serum Protein Changes Following Spinal Cord Injuries
By RONALD ROBINSON, B.Sc., A.R.I.C. Nationa' Spinal Injuries Centre, Stoke Mandeville Hospital, Aylesbury PREVIOUS studies carried out at this centre by Dr. Guttmann (1945 showed that the total protein concentration was almost always normal or only slightly diminished, even in those patients of the "Belsen" type. However, on fractionation it was found that the albumin/globulin ratio was invariably inverted, i.e. the total globulin concentration was higher than the albumin concentration. It was also observed that the inversion of the albumin/globulin ratio may be present in the very first days following injury.
